DNAs for the )' subumt of the calcium channel of rabbit skeletal muscle were Isolated on the basis of peptlde sequences dewed from the purlfied protein. The deduced primary structure IS wlthout homology to other known protein sequences and IS consistent with the ; subunit bemg an Integral membrane protem.
INTRODUCTION

MATERIALS AND METHODS
L-type calcium channels comprise a group of very similar yet distinct proteins or protein complexes that differ in kinetics, voltage dependence and their relative sensitivity to organic calcium channel blockers (CaCB). When purified from rabbit skeletal muscle the calcium channel consists of three main subunits with molecular masses of 165 000 (CYI subunit or CaCB receptor), 55 000 (8) and 32000 Da (7) [l-5] . A further polypeptide consisting of a disulfide-linked dimer of a 130000 (CYZ) and a 28000 (6) protein is present in this preparation at a variable concentration [2] . The subunits have been reconstituted to functional calcium channels which were modulated by phosphorylation [6] and by monospecific antibodies for the cyl, the ,8 and the y subunit [7, 8] . The cDNAs of the CaCB receptor [9-l 11, the a2 polypeptide [lo, 121 and the ,8 subunit [13] have been cloned. The CaCB receptor is the principal transmembrane subunit, which forms the ion conducting pore. This protein binds organic calcium channel blockers [2] [3] [4] [5] 9] and is phosphorylated in vitro at Ser-687 by CAMP-dependent protein kinase [14] . The p subunit is a peripheral membrane protein 1131. Heterologous expression of the skeletal muscle CaCB receptor leads to the appearance of functional calcium channels [ 10, 1 1,15-171 and restores excitation contraction coupling [15, 16] . It is not known whether these functions require the presence of the smaller channel subunits.
We now report the primary structure of the y subunit as deduced from the cloned cDNA and the tissue distribution of its mRNA.
Purlfrcatron of the 7 subunrt and generation of partial ammo
acid sequences The calcium channel was purified from rabbit white skeletal muscle as in [l] . The 7 subunit (2OOpg) was separated from the purified channel complex by size exclusion chromatography as described [2] . 5 pg were used to sequence the NHz-terminus (peptide 1). The remainmg 195 pg were dialyzed at 3°C overnight against 50 mM sodium phosphate buffer, pH 7.2, containmg 6 M urea and Dowex AGI-X2 resin [13, 14] . Dialysis was continued for 80 h against 10 mM (NHd)HCO,.
The dialyzed material was lyophllized and dissolced in 250~1 of 25 mM Trls-HCI, pH 8.0. Trypsin was added at a 7 subunit/trypsin ratio of 40: 1, and the proteins were Incubated at 37°C for 18 h. The dried tryptic digest was suspended in 0.5 ml 0.1% trifluoroacetic acid, loaded onto a Macherey & Nagel 300-5C4 column (30 x 4 mm) and eluted with a gradient of 1% acetomtrile per minute at a flow rate of 0.5 ml/min. One fraction was collected ( Fig. 1) and purified further on a Macherey & Nagel 300.7C4 column (microbore 125 x 2 mm) ( Fig. I , inset) and sequenced (peptide 2). Ammo acid sequences were determined with a gas phase sequencer as m [13, 14] .
Conslruciron and screening of cDNA lrbrartes
Single-stranded cDNA was obtained by extension of a synthetic primer (primer A) with poly(A)+ RNA from rabbit skeletal muscle. PCR [18, 19] was carried out using 6.5 ng of the single stranded cDNA and 3 4 pg of primer B and primer C, respectively.
A random primed cDNA library from rabbit skeletal muscle was constructed [I 1,131 in pUC9 and 5 x 10' independent recombinant clones were screened with the amplified cDNA fragment. Sequencmg of the (DNA was performed on both strands. and peptide 2 and the strategy for cloning the 3 subunit. 48 oligodeoxyribonucleotides each containing 17 nucleotides (nt) which are complementary to all possible cDNA sequences encoding the amino acid sequence Glu-Ile-Phe-Glu-Phe-Thr (excluding the third nucleotide residue of the Thr codon) in peptide 2 were synthesized (primer A in Fig. 2a ). These oligomers were used as specific primers for reverse transcription of the 3 subunit mRNA. The resulting single-stranded cDNA served as target sequence for polymerase chain reactions, which were primed by an equimolar mixture of 192 (primer C) and 128 synthetic 17 nt oligodeosyribonucleotides (primer B). Primer C corresponds to all possible cDNA sequences encoding the NH?-terminus of peptide 1 (MetSer-Pro-Thr-Glu-Ala, excluding the third nucleotide of the Ala codon). Primer B is complementary to all possible cDNA sequences encoding the amino acid sequence His-Phe-Asn-Pro-Gly-Glu (excluding the third nucleotide of the Glu codon) of peptide 2, respectively. The gel resolved amplified cDNA was eluted, subcloned and sequenced. It consists of 266 nt and includes the coding region for peptide 1 (excluding the Met codon) and part of peptide 2. This cDNA fragment was used as a probe for cloning larger cDNA sequences from a randomly primed cDNA library. The 1268 nt cDNA obtained contains an open reading frame encoding a sequence of 222 amino acids (Fig. 3A) . It includes the two independently determined peptide sequences. The translation initiation codon at position 1 is the first ATG triplet in frame that appears downstream of the stop codon TAG (nt -75 to -73). The surrounding nucleotide sequence agrees with the consensus sequence for eukaryotic initiation codons. An analysis of the amino acid sequence of the y subunit for local hydropathicity (Fig. 3B ) reveals the presence of four typical membrane spanning regions (segments of at least 19 residues with an average hydropathicity index greater than 1.6) [22] which have been designated segment I (amino acids 1 l-29), segment II (amino acids 107-129), segment III (amino acids 137-155) and segment IV (amino acids 182-202). The y subunit does not contain a signal peptide sequence.
RNA blot analysts (Northern)
Thus it seems reasonable to assume that the amino-and carboxy-
Northern blot analysis
The tissue distribution of the mRNA for the y subunit was analyzed by RNA blots of polyadenylated [poly(A)+]RNA from several rabbit tissues (Fig. 4) . The probe derived from the coding sequence hybridized to a [poly(A)+]RNA species of skeletal muscle with an estimated size of 1300 nt, which is consistent with the size of the cloned cDNA (1268 excluding the 80mer oligo-d(A) tract). No y subunit specific hybridization was observed with [poly(A)']RNA from heart, trachea, lung, aorta or brain (14 h exposure).
DISCUSSION
The primary structure of the y subunit lacks significant homology with any protein in the NBRF PIR protein and the GenBank nucleotide sequence databases. The protein with the best score in the protein database was the multidrug resistance protein 2 (mdd or Pglycoprotein) [23] . 34.1% of the amino acids are identical or conservatively substituted within the amino acid residues 105-148 and 86-129 of mdr2 and of the y subunit, respectively. Interestingly mdr2 binds calcium channel blockers [24] . Although the y subunit does not bind these compounds by itself [2-.5,9] it cannot be excluded that the similar amino acid sequences are indirectly involved in calcium channel blocker binding to the CaCB receptor and the mdd protein, respectively.
In vivo, the skeletal muscle CaCB receptor functions both as voltage sensor in excitation contraction coupling [15, 16] and as a calcium channel [15-171. The similar tissue-specific expression of the mRNA encoding the skeletal muscle CaCB receptor (cyt subunit) [9, 12] , ,d [ 131 and 3 subunit suggests that the three proteins contribute to these functions. With the cDNAs for the CYI. /3 and y subunit available further studies on the structural requirements of these functions will be facilitated.
